Individually-housed and group-housed golden hamsters (Mesocricetus auratusL aged 8 weeks, were studied with regard to their susceptibility to a single gavage of mercuric chloride (lOmg/kg body weight). Body weight and food consumption were measured for 10 days (day -9 to day 01 in a pre-application period and for 13 days [day 1 to day 13) in a post-application period. Mercuric chloride administration significantly reduced body weight gain in both isolated and grouped hamsters at day 1 compared to vehicle controls. While the individuallyhoused treated hamsters recovered during the post-application period, the group-housed treated hamsters showed a reduced body weight gain over the whole post-application period. Results are discussed in relation to elevated susceptibility to intoxication in group-housed hamsters triggered by high social stress. This study highlights the need to carefully consider the housing conditions which can influence the results of teratological experiments.
The present study was aimed at elucidating the influence of housing conditions and social stress on the outcome of teratological experiments. Therefore, the golden hamster, revealing marked stress responses under grouping conditions, was chosen as the experimental species. The study was not aimed at characterizing the toxic effects of mercury, which are already well defined, but to show that its well-known effects can depend on often unconsidered conditions like housing of animals. With regard to this aim, a single dose design was considered sufficient to expose such relations. A multi-dose design, requiring many more animals, seemed unjustified in relation to the gain of additional information. A dosage of 10 mg/kg body weight of mercuric chloride, as we used Correspondence to: V. Korz, Leibniz-lnstitut fUr Neurobiologie. Abt. Neurophysiologie. Post/ach 1860. Brenneckestr, 6, D-39008 Magdeburg, Germany (present address) . E-mail: korz@lfn-magdeburg,de in this study, is well below the LDso-value (35 mg/kg body weight, estimated by a maximum-likelihood procedure I in golden hamsters but, nevertheless, reveals clear effects on body mass in individually-housed hamsters (Gattermann & Korz 1998). In the wild, the golden hamster is a territorial animal, aggressively keeping distance to conspecifics, Animals housed together in same-sexed groups with close proximity display indications of high and chronic stress, independently of gender and social position within the groups and largely without overt aggression after a few days of grouping. A higher food intake and increased body masses along with elevated serum levels of glucocorticoids in grouped or exercising golden hamsters, compared to individually-housed or sedentary hamsters, have been reported (Borer 1974 , Borer et al. 1988 , Meisel et al. 1990 , Borer et al. 1992 , Zimmer & Gattermann 1996 .
A few reports exist concerning effects of triggered stress-like states in chickens through application of hormones or extreme environmental conditions (usually not given during routine laboratory handling I on toxicity of substances (Brown et al. 1986 / Gross &. Siegel 1997 . Additionally, there are some indications in humans to suggest that the effects of intoxication may depend on different psychological states (Pradhan 19841 . Social behaviour (aggression towards intruders) in golden hamsters is altered after sub-chronic exposure to chlorodibromomethane (Korz &. Gattermann 1997) . Routine husbandry of laboratory animals is usually not considered in teratological studies.
Mercury intoxication in humans is characterized by intense stomach-ache, diarrhoea/ inflammation of throat and gums, nephrotoxicity, lack of appetite, loss of body weight and sometimes inflammation of the liver (Stokinger 1981 / Klaasen 1990 / Clarkson 1991 .
The effects of acute HgCh application in mice, rats and rabbits are neurotoxicity (Huang &. Narahashi 1996) , nephrotoxicity, and significant loss of body weight (Bartolome et al. 1984 / Kajiwara &. Inouye 1986 / Wolfert et al. 1987 / Zalup et al. 1993 Shakoori 19941. Therefore, in the present study, body weight was used as a key parameter to compare the susceptibility of golden hamsters to mercury exposure in two different housing conditions: the grouped condition with high and chronic stress and the individual housing situation without elevated stress.
Materials and methods

Animal and housing conditions
Adult male and female golden hamsters (Mesocricetus auratus) derived from our own outbred stock (Zoh:GOHA) were studied. The animals were kept in a windowless indoor room in standard plastic cages (55 x 33 x 20 cm) lined with wood shavings (Altromin® Animal Bedding, dust free softwood fibres) with a wire mesh top and a running wheel (30 cm in diameter and a 229 running area width of 10 cm). Bedding material was changed regularly. Food pellets (one part altromin 7014/ two parts altromin 7024/ Altromin GmbH, Lage, GermanYi crude protein 19%/ crude fat 4.2 %/ crude fibre 5.8%/ ash 7.2%/ moisture 13.5% and nitrogen-free extract 50.3 %) and tap water were provided ad libitum. Six-week-old hamsters (n =32) were removed from their litters. Fourteen (seven males and seven females) hamsters were housed individually and 18 hamsters (nine males and nine females) were housed in groups of three males and females per cage. The light/dark conditions were 12: 12h, the light intensity varied from 200-300 lux (light period) to 5 lux (dark period). The light period lasted from 0:700-19:00 h CET. The room temperature was 24°C±2°C, the relative humidity was 60-65%. The animals were adapted to this situation for 14 days.
Treatment
Body weight and food consumption were measured over a pre-application period of 10 days (day -9 to day 0) and a post-application period of 13 days (day 1 to day 13). On day 0, HgCh (10 mg/kg body weight) dissolved in water (99.5%, Merck Darmstadt) was administered once by gavage to six individuallyhoused and 12 group-housed animals. Eight individually-housed and six group-housed animals served as vehicle controls. Each sample consisted of half and half males and females. Dose mixtures were applied by an inflexible probang between 07:00-08:30 h.
Body weights were measured at day -6, -3, 0, I, 4, 7, 10 and 13. Food and water intake were measured from day -9 to day 0/ from day 0 to day 6 and from day 7 to day 13 by reweighing.
Statistics
Body weights and food consumptions are given as the arithmetic mean and standard error of the mean. Because the development of body mass was independent from group processes (like rank) in the group-housed animals, the individual data, rather than group means, wer~taken as the sample. In addition, since males and females showed no differences in the development of body weight or susceptibility to mercury, their data were combined into one sample for each group. As the data were normally distributed (tested with the Shapiro-Wilk W-testl, differences between group means were examined using Student's t-test (level of significance was set at P~0.05).
Results
The development of body mass for the individually and group-housed animals is summarized in Fig 1. The arithmetic mean of body masses on day -6, day -3 and day 0 of
the pre-application period was taken as reference and the post-application values were given as deviation from this pre-test value to illustrate the body mass development rather than the absolute values. The pre-test values did not differ significantly between treated and control animals (single housed: control = 112.2g±3.0g, treated= 112.1g±2.9g, t=O.Ol, df=12, P=0.99, group housed: control = 115.2g± 5.8 g, treated = 113.0g±3.5g, t=0.33, df= 16, P=0.74) .
Only 24 h after application, individuallyhoused control animals showed a significantly higher increase in body mass than treated individually-housed animals (t = -4.10, df= 12; P=O.OOl) and a tendency to a higher weight gain on day 4 (t = 1.81, df = 12, P=0.09). The group-housed control animals showed a higher increase of body mass throughout the whole post-application period compared to treated group-housed animals (day There was a remarkable difference in body mass development between the control group-housed animals and the control individually-housed animals during the postapplication period, the first revealing a significantly higher increase in body mass than the latter (day 1: t=3.79, df= 12, P=0.002; day 4: t=4, P=0.002; day 7: t=3.68, P=0.003; day 10: t=3.93, P=0.002; day 13: t = 5.14, P < 0.001). The treated group-housed animals did not differ from the treated individually-housed animals (P > 0.05 each).
With respect to the food consumption ( Fig  2L we found a significantly lower food intake in individually-housed treated animals compared to controls in the first half of the pcst-231 application period It=2.12, df= 12, P=0.051. In the second half of the post-application period, there was no difference between the treated and control animals.
Treated grouped animals also consumed less food than grouped control animals during the first 7 days of the post-application period (t=-3.05, df=4, P=0. 038; values were given as mean food consumption/ animal). During the last 7 days of the postapplication period there was no difference between treated and control grouped animals.
The comparison between individuallyhoused and grouped animals revealed a higher food intake in both grouped control It=-2.64, df=8, P=0.03 for day 0 to day 6; t=-2.50, P=0.037 for day 7 to day 13) and group-treated animals (t = 3.28, df = 8, P=O.Ol for day 0 to day 6; t=2.53, P=0.035 for day 7 to day 13). For the control animals, this corresponds well with the higher increase in body masses of the group-housed animals, for the treated animals, there is a discrepancy between these data. Treated group-housed animals have a higher food intake than treated individually-housed animals, but the increase in body mass did not differ between these groups. 
Discussion
Group and individually-housed golden hamsters treated once with 10 mg/kg body weight mercuric chloride showed a significant lower body mass increase compared to control animals. Whereas individually-housed treated hamsters recovered within 4 days after application, grouped-treated hamsters showed a reduced body weight gain over the whole post-application period. Food intake was reduced in both treated group and individually-housed hamsters compared to controls during the first half of the postapplication period. Although the difference is significant for the group-housed animals, the sample size should be taken into consideration as it is quite small for the control animals. Therefore, the result ought to be regarded with some caution. Nevertheless, it corresponds well with the highly significant lower body mass measures of treated animals compared to controls in this period. The reduced body weight gain in both treated individually-housed and grouped hamsters compared to controls during the first half of the post-application period can be easily explained by the lower food consumption of the first. The finding that treated grouped hamsters did not differ in their body mass development compared to individuallyhoused treated hamsters in spite of a higher food consumption, together with the result that grouped treated hamsters showed a reduced weight gain though not consuming less food than control grouped hamsters in the second half of the post-application period, must be attributed to a higher susceptibility to the substance in grouped hamsters. An increased activity along with a higher fat metabolism in treated grouped hamsters is unlikely. In individually-housed hamsters exposed to mercuric chloride, we found a decrease in locomotor activity (Gattermann &. Korz 1998) . Though we did not explicitly measure the fat content of the animals, a qualitative examination of the carcasses made it obvious that body fat was the main quantity modulating body mass. An increased resting metabolic rate of treated grouped hamsters may be one explanation (see current results). The opposite effect, group housing induced obesity in golden hamsters without hyperphagia, could be correlated with reduced resting metabolic rates (Borer et ai. 1988) . Neural correlates of hyperphagia and weight gain in male and female hamsters were found by ventromedial hypothalamic lesions, this effect was independent from exercise (Rowland et al. 1986 ). Further studies are needed to assess whether mercury-induced neurodegenerative processes (Leonhardt et al. 1996 , Hussain et al. 1997 contribute to our findings. Although the selected concentration of mercuric chloride may be considered quite high, it was not our intention to study specific effects of mercury but, rather, to assess its effects in hamsters under different housing conditions. The toxic effects of mercury are already well known and it was for this very reason that this 'classic' toxic substance was chosen (see the present Laboratory Animals (1999) 33 Korz & Gattermann work). In order to save experimental animals, a single-dose design was employed as this was sufficient to show that group-ho'using (triggering elevated social stress in golden hamsters) increases the sensitivity to intoxication induced by mercury as measured by body mass development. This finding points to the necessity for careful consideration of the housing and social conditions under which the experimental animals are bred and maintained, a variable often neglected in teratological experiments. Keeping the animals under certain conditions, the species' natural style of social living must be taken into account. Species like rats (naturally living in colonies) may suffer from social deficits when individually-housed and this could result in different stress responses to experimental manipulations.
